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A b s t r a c t . -S e l e c t i v e s u r f a c e s f o r an e f f i c i e n t s o l a r energy phot o t h e r m a l c o n v e r s i o n w e r e o b t a i n e d by e v a p o r a t i o n of CO i n a gaseous atmosphere. A b e l l j a r system was used w i t h a Tungsten bask e t and a gas m i x t u r e c o n s i s t i n g o f oxygen and helium. Using a K B r s u b s t r a t e we performed s p e c t r a l measurements o f t h e t r a n s m i tt a n c e from 0.38 p m t o 20 pm o b t a i n i n g X = 2.5 pm. The f i l m obs e r v e d i n a t r a n s m i s s i o n e l e c t r o n microEcope r e v e a l e d a s m a l l part i c l e s s t r u c t u r e f o r which t h e f i l l i n g f a c t o r was measured.
The r e s u l t s j u s t i f i e d t h e a p p l i c a t i o n o f t h e ldaxwell G a r n e t t t h e o r y .
1. I n t r o d u c t i o n . -An e f f i c i e n t photothermal s o l a r energy c o n v e r s i o n r eq u i r e s a h i g h a b s o r p t i v i t y f o r X < 2.5 pm and a low t h e r m a l e m i s s i v i t y f o r X > 2.5 pm. E l e c t r o d e p o s i t i o n o f some t r a n s i t i o n m e t a l s o n t o r e f l e ct i n g s u b s t r a t e s /l-3/, chemical t r e a t m e n t s o f m e t a l s /l/, chemical vapour d e p o s i t i o n of i n t e r f e r o m e t r i c m u l t i l a y e r s / 4 / , s p u t t e r i n g /5/ and e v a p o r a t i o n / 6 / a r e some o f t h e known methods t o g e t t h e d e s i r e d prop e r t i e s .
I n t h e l a s t y e a r s gas-evaporation o f some t r a n s i t i o n m e t a l s /7/ h a s been used a s an a l t e r n a t i v e t e c h n i q u e t o produce s e l e c t i v e f i l m s , w i t h o u t t h e c o m p l i c a t i n g i n f l u e n c e o f an opaque s u b s t r a t e . Although t h e s e systems do n o t a s y e t have p r a c t i c a l a p p l i c a t i o n s , t h e y s e r v e a s an e x c e l l e n t b a s i s f o r s t u d i e s on t h e s e l e c t i v i t y mechanism.
I n t h i s work w e show t h e r e s u l t s o f s e l e c t i v e s u r f a c e s produced by gas-evaporation o f CO i n an atmosphere c o n s i s t i n g o f 1 t o r r o f O2
and 10 t o r r of He. W e d e s c r i b e t h e f i l m p r o d u c t i o n t e c h n i q u e , i t s spect r a l t r a n s m i t t a n c e from 0.38 pm t o 20 um, i t s s t r u c t u r e and chemical composition, a s w e l l a s t h e i n f l u e n c e o f a h e a t t r e a t m e n t on i t s prop e r t i e s . The d a t a s u g g e s t t h e a p p l i c a b i l i t y o f t h e Flaxwell G a r n e t t t h eo r y and t h e p r e d i c t i o n s a r e compared w i t h t h e e x p e r i m e n t a l t r a n s m i t t a nc e s p e c t r a l d a t a . 2.Experimental Procedure.-2.1. Egg&pgent D e s c r i p t i o n . -The samples were produced i n a simple b e l l j a r e v a p o r a t o r w i t h a n e n t r y f o r g a s , an o u t l e t f o r a mechanical pump, t h r e e gauges f o r h i g h (Edwards Penning 8 ) , two f e e d t h r o u g h s connected t o a v a r i a c and a c u r r e n t t r a n s f o r m e r (60A, maximum). The s p e c t r a l t r a n s m i t t a n c e (normal i n c i d e n c e ) was measured from 0.38 v m t o 2.5 um i n a Z e i s s DMC 25 s i n g l e beam spectrophotometer and from 2.5 um t o 20 um i n a Perkin-Elmer 180 double beam spectrophotometer. The s t r u c t u r e and chemical composition were determined w i t h a H i t a c h i HU 12 t r a n s m i s s i o n e l e c t r o n microscope. The mass was measured w i t h an a n a l y t i c a l b a l a n c e ( M e t t l e r H20T) and t h e t h i c k n e s s was evaluat e d w i t h a n o p t i c a l microscope (Nikon Apophot H11) by f o c u s i n s s u c c e s s iv e l y t h e t o p and t h e bottom o f t h e f i l m .
2.2. FAlmPgepagax&on.-The CO ( p u r i t y h 9 9 % ) was e v a p o r a t e d from a h e a t e d t u n g s t e n f i l a m e n t . I n o r d e r t o g e t a g a s mixture t o produce t h e i n t e n d e d c o a t i n g s , s e v e r a l p r e l i m i n a r y t e s t s were performed : combina-
g l a s s f o r d e t e r m i n a t i o n o f t h e mass and t h e f i l m t h i c k n e s s . No c o n t r o l of t h e temperature and t h e e v a p o r a t i o n r a t e was made. The dc measure-

ments of t h e samples r e s i s t i v i t y were l a r g e r t h a n 10 Qm, which i n d i c at e s t h a t t h e CO p a r t i c l e s a r e e l e c t r i c a l l y d i s c o n n e c t e d .
2 3 . Petszmination-of -the-9~tical-P_~ramete_Es_~-S_tructu~s-and-Shemlcal c o g p o s i t i o n of t h e Films.-I n f i g u r e 1 we show t h e t r a n s m i s s i o n s p e c trum f o r samples w i t h d i f f e r e n t mass p e r u n i t a r e a v a l u e s (W/A). A s can be s e e n t h e y a l l e x h i b i t a c u t o f f frequency X c w h i c h s h i f t s t o t h e i n f r a r e d a s W/A i n c r e a s e s . The a b s o r p t i o n observed n e a r 3 pm i s c h a r a c t e r i s t i c of absorbed w a t e r and t h o s e a t around 7 ym and 12 p m a r e due t o t h e presence of COO /9,10/.
I n o r d e r t o e v a l u a t e t h e s o l a r abs o r p t a n c e ( a ) and t h e thermal e m i t t a n c e [e (T) 1 we c o n s i d e r e d a c o a t i n g w i t h mass d e n s i t y W/A on a p e r f e c t l y s p e c u l a r s u b s t r a t e ; t h e r e f l e ct a n c e of t h i s tandem i s e q u a l t o t h e t r a n s m i t t a n c e o f a f i l m having mass 2 d e n s i t y 2W/A. For example f o r t h e sample w i t h W/A = 1.72 g/m we found a = 0.89 and e(320°C) = 0.15.
The t r a n s m i s s i o n e l e c t r o n microscope p i c t u r e s ( F i g . 2) show t h a t t h e p a r t i c l e s a r e a g g r e g a t e d i n t o c h a i n s and c l u s t e r s . F i g . 2.-Transmission e l e c t r o n micrograph f o r a CO f i l m produced by gas-evaporation. The v o l t a g e o f t h e e l e c t r o n microscope was 75 KV The e l e c t r o n d i f f r a c t i o n p a t t e r n , o b t a i n e d w i t h t h e same apparat u s r e v e a l s t h a t t h e f i l m s c o n t a i n f c c CO and £cc COO, a s can be s e e n
i n f i g u r e 3. These r e s u l t s were confirmed by an X-ray d i f f r a c t i o n p a tt e r n . 
The volume f r a c t i o n of m e t a l i n t h e d e p o s i t ( f ) was o b t a i n e d from
f = (WA) ( p t ) -l , where p = 8 . 7 1 g/cm /l l/ i s t h e CO b u l k d e n s i t y and t i s t h e f i l m t h i c k n e s s . FJe assumed t h a t t h e amount
t 20P°C breakdown i n t h e s e l e c t i v i t y was observed ( F i g . 4 ) .
A t t h e same time, t h e s t r u c t u r a l and chemical p r o p e r t i e s o f t h e f i l m g r a d u a l y changed : b i g g e r c l u s t e r s were formed ( F i g . 5a-d) and a l l of t h e CO was transformed i n t o COO ( F i g . 6a-d) A s a consequence of k h i s mechanism a lognormal d i s t r i b u t i o n i s expected f o r t h e p a r t i c l e s s i z e s i n t h e f i l m , a s given by t h e following equation (1) where An i s t h e f r a c t i o n a l number of p a r t i c l e s per logarithmic diameter i n t e r v a l A(Rnx), 2 and o a r e r e s p e c t i v e l y t h e average diameter and t h e geometrical standard d e v i a t i o n of t h e p a r t i c l e s i z e s .
I n f i g u r e 7 we show t h a t t h e curve p r e d i c t e d by equation (1) i s i n a good agreement with t h e experimental histogram.
3. Application of t h e Maxwell Garnett theory.-The s u c c e s s f u l applicat i o n of t h e e f f e c t i v e medium model of Maxwell Garnett t o metal f i l m s produced by gas-evaporation i s widely known /13/ ; it r e q u i r e s two cond i t i o n s : t h e diameter of t h e p a r t i c l e s should be s m a l l e r than t h e wavel e n g t h ( h >> a ) and a small f i l l i n g f a c t o r ( £ << 1) .
The average complex d i e l e c t r i c c o n s t a n t (E) c a l c u l a t e d by t h e Maxwell Garnett model g i v e s f o r i s o l a t e d spheres i n a i r 2 l + g f a
E i s t h e d i e l e c t r i c c o n s t a n t o f t h e s p h e r e s . 
l t o t h e a r e a under t h e h i s t o g r a m
The e l e c t r o n micrographs show p a r t i c l e s i s o l a t e d o r a g g r e g a t e d i n t o c h a i n s and c l u s t e r s . I n o r d e r t o t a k e i n account t h i s s t a t e o f agglomeration e q u a t i o n ( 3 ) h a s t o be modified by i n t r o d u c i n g a new f a c t o r a", which r e p r e s e n t s a d i p o l e -d i p o l e i n t e r a c t i o n /14/ between t h e part i c l e s g i v e n by I n Table I1 w e g i v e t h e v a l u e s o f t h e t r i p l e t s ~i * f o r d i f f e r e n t g e o m e t r i c a l c o n f i g u r a t i o n s o f i d e n t i c a l s p h e r e s . 
